As pointed out by Hall (1988), intertemporal substitution by consumers is a central element of many modem macroeconomic and international models. For example, many of the policy implications of an endogenous growth model studied by Barro (1990) depends on the assumption that the intertemporal elasticity of substitution is positive.
I. Introduction
Intertemporal substitution by consumers is a central element of many modem macroeconomic and international models. For example, many of the policy implications of an endogenous growth model studied by Barro (1990) depends on the assumption that the intertemporal elasticity of substitution is positive.
In estimating the intertemporal elasticity of substitution (lEs) , however, Hall (1988) finds that when time aggregation is taken into account, his point estimates are small and not significantly different from zero.
His results suggest that intertemporal substitution by consumers is not empirically important.
Hall assumes that preferences are additively separable in nondurable and durable goods, but there is: empirical evidence against this assumption (see, e.g., Eichenbaum and Hansen (1990». When two goods are not additively separable, ignoring one good does not necessarily induce a downward bias in an estimator of the IEs for the other good. In the case of nondurable durable goods, however, when the durable good is ignored, the estimators for the IES of the nondurable good are likely to be biased downward. The reason for this is twofold. First, consumption of durable goods is more volatile than nondurable good consumption. In Section III, we will show that the service flow from the durable good purchase is more volatile than nondurable consumption in the U. S. data. Second, real interest rates affect the user cost for the service flow from the durable good. "'For example, suppose that the real interest rate rises this year.
Other things being equal, this results in a higher user cost for the durable good this year and, thus, consumers will substitute away from the durable good and increase today's consumption of the nondurable good. As long as 1 the user cost in the next year does not fall to offset this effect, the growth rate of nondurable consumption decreases compared with the case of no change in user cost. Hence, the estimator of the intertemporal elasticity of substitution which is based only on the growth rate of nondurable consumption growth will be biased downward.
In order to see if this downward bias is important, we use Cooley and Ogaki's (1995) The CES utility function is estimated by a cointegration regression in the first step.
In the seconci step, GMM is applied to the Euler equation with the estimated CES utility function. Mankiw (1985) estimated the IES for consumption of durable goods. Our approach differs from Mankiw' s in that our main focus is on the nonseparability of preferences in nondurable and durable goods while Mankiw assumes separability. However, Mankiw' s result that his estimate of the intertemporal elasticity of substitution of durable good consumption is larger than that of nondurable consumption does suggest that the service flow from the durable good purchase is more volatile than nondurable consumption.
Dunn and Singleton (1986), Eichenbaum and Hansen (1990), and Fauvel and Samson (1991) estimate the parameters of Euler equations in models that -allow for the nonseparability of preferences between nondurables and durables, though they do not focus on the bias in the estimates of the 10stry and Reinhart (1992) essentially applied the Cointegration-Euler Equation approach to the CES utility function.
intertemporal elasticity of substitution.
The main difference between our paper and theirs is that their estimation method does not allow for adjustment and transactions costs for durable goods, while our method is robust to various forms of these costs. Adjustment and transactions costs are important determinants of of durable good consumption (see, e.g., Bemanke (1985) , Lam (1989), and Eberly (1994». In The rest of this paper is organized as follows. Section II presents our theoretical framework for nonseparable preferences in nondurable and durable consumption. Section III explains the data and reports summary statistics, while Section IV explains our econometric method. Section V contains empirical results, and Section VI provides our concluding remarks.
II. ThlE~oreticalFramework
In this section, we introduce our model of nonseparable preferences between_-nondurable and durable consumption. Suppose that a representative consumer maximizes the lifetime: utility function
1=0
( 1 ) in a complete market at time 0, where E ( .) denotes expectations conditional 1 3 on the information available at time t.
The intra-period utility function is assumed to be of the CES form for the nondurable good (good 1) and the durable good (good 2);
where S ( t ) is the service flow from the purchases of good 2. Purchases of 2 the durable consumption good and the service flow are related by (3) where C / t ) is the real consumption expenditure for good 2 at time t . 
The user cost for the service flow of good 2, Q ( t) , is:
Because this formula involves the conditional expectation operator, it IS complicated to calculate the user cost. For this reason, we will derive a cointegration restriction which is based on the purchase price, P ( t ) rather 2 than on user cost. We will then use the cointegration restriction to estimate the intraperiod elasticity, £. However, it is useful to calculate a proxy for the user cost because one reason for the downward bias in the single good model is that we expect a positive correlation between the user cost and the real interest rate.
For the purpose of obtaining a proxy for the user cost, imagine that m u ( t ) is constant (perhaps because the consumer is risk neutral).
liP from (4), and from (6), the user cost will be
We will use (7) to obtain summary statistics of the user cost in the next section.
The following fIrst order condition that states that the user cost is equal to the marginal rate of substitution of the service flow of good 2 and consumption of good 1:
In order to derive the restrictions that imply cointegration, it is useful to observe another first order condition which states that the purchase price relative to the price of the nondurable good, P / t ) , IS equated with the marginal rate of substitution based on purchases of goods:
This firS! order condition forms the basis of the cointegration approach and summarizes the information from the demand side. In order to model the supply side in the simplest way, we consider an endowment economy without production. In each panel, we first report the standard deviation of the growth rates of consumption and the service flow of durable good purchases. Here the growth rate of each variable is calculated as the first difference of the log of the variable. We note that in both data sets the growth rate of durable consumption much more volatile than that of nondurable consumption.
The more relevant comparison for our purpose, however, is between nondurable consumption and the service flow from durable good purchases. The service flow is much smoother than the durable good purchase, but is still much more 2We treat the time aggregation problem by lagging the instrumental variablei' by two periods and allowing the disturbance term to have a one period serial correlation.
This does not completely remove the time aggregation problem in our nonJlinear model. It should be noted that neither our method nor Hall's (1988) method (which is similar to ours) is perfect. Even in Hall's linear model, we only observe the time average of the level of consumption rather than the time average of the log of consumption. For this reason, we try to avoid further time aggregation problems by using the point-in-time data of the interest rate rather than the time-averaged data.
volatile than nondurable consumption in both data sets. Therefore, ignoring durable good consumption is likely to cause a downward bias in the estimation of the intertemporal elasticity of substitution for total consumption expenditure.
In each panel of Table 1 , we also report the standard deviation of the growth rate of the user cost of durable goods relative to a nondurable good price (either the price of ND or of NDS).
The standard deviation is positive and statistically significant in aU cases. Hence, there may be substantial bias in the estimation of the IES with the single good model when it is applied to total consumption (calculated by adding up nondurable consumption and the service flow from durable good purchases). Hicks's aggregation does not apply when the relative price is not constant. with the expected real interest rate. 'When this correlation is positive, the estimator of the intertemporal elasticity of substitution is likely to be biased downward as discussed in the Introduction. This correlation is estimated to be positive and significant at the five percent level for both the annual data and quarterly NIPA data. In the case of Gordon's data, the point estimates are positive, but are not statistically significant.
IV. Estimation and Inference
In this section we describe our ewnometric method. We use Cooley and 8 Ogaki's (1995) two-step procedure which combines Ogaki and Park's (1989) cointegration approach to preference parameter estimation with Hansen and Singleton's (1982) GMM approach)
A . I m p lic a tio n s o f th e I n tr a te r n p o r a l F ir s t O r d e r C o n d itio n
The notions of stochastic and deterministic co integration are useful when the economic variables of interest are modeled as difference stationary with drift. 4 This paper focuses on processes that are integrated of order one. We assume that the log of equilibrium consumption IS difference stationary with drift. 5 Then the co integration restriction that we derived implies that the log of the relative price and the log of the ratio of nondurable and durable consumption are co integrated with the deterministic 3A similar procedure was used by Ostry and Reinhart (1992) independently.
4The notions of stochastic cointegration and the deterministic co integration restrictions wen~defined by Ogaki and Park (1989) and Campbell_ and Perron (1991) .
Efficiency gains in the estimation of the cointegrating vectors from the imposition of the deterministic co integration restriction was discussed by West (1989) for the one stochastic trend case and by Hansen (1992) and Park (1992) for the general multiple regressors case.
5As shown by Hall (1978) , consumption is a random walk when the real interest rate is assumed to be constant.
Since we allow the real interest rate to vary over time, the first: difference of the log of consumption can have any serial correlation. co integration restriction.
B . S t e p 1 : C o i n t e g r a t i o n
This subsection describes our econometric procedure for the estimation of the cointegrating regression. This pmcedure allows us to test the null hypothesis of stochastic cointegration and the deterministic cointegration restriction.
Let X ( t ) be a 2-dimensional dilfference stationary process: X ( t ) -
X ( t -l )
= <I> + E ( t ) for td, where G> is a 2-dimensional vector of real numbers, E ( t) is a stationary process wi1h mean zero, and each component of
has a positive long run variaJrlce. Suppose that the X ( t ) are co integrated , with a co integrating vector (1 ,-y), and that the deterministic cointegration restriction is satisfied. Then we can apply Park's (1992) Canonical Co integrating Regressions ( C C R ) procedure 6 to The C C R procedure requires us to transform the data before runrung a regression and corrects for endogeneity and serial correlation.
Let v e t ) = (E ( t ) , E ( t ) ) where E ( t ) is the second element of E ( t ) .
Define <I>(i) = c 2 2 We make an additional assumption that 0 is positive. 11.2 Consider transformations 6See Ogaki (1993a) for a more detailed explanation of CCR based estimation and testing.
Because v ( t ) is stationary, y * ( t) and x * ( t ) are co integrated with the same cointegrating vector (1, -y ) as y ( t ) and X ( t ) for any i l y and i l x ' The idea of the CCR is to choose By and il x so that the OLS estimator IS asymptotically efficient when y * ( t ) is regressed on x * ( t ) . This requires
( 1 6 ) ( 1 7 ) In practice, long-run covanance parameters I I I these formulas are estimated, and the estimated i l y and n x are used to transform y ( t ) and X ( t ) . As long as these parameters are estimated consistently, the resultant CCR estimator is asymptotically efficient. Phillips and Hansen (1990) , Phillips (1991) , and Stock and Watson (1993).
Johansen's estimators are often used, but Johansen assumes a Gaussian_ V AR structure.
The CCR does not require this Gaussian V AR assumption, which is important for our purpose because our economic model implies nonlinear short-run dynamics.
Monte Carlo experiments in Park and Ogaki (1991) show that the CCR estimators have better small sample properties in terms of the mean square error than Johansen's estimators. Following Monte Carlo based recommendations by Park and Ogaki (1991) 
C. S te p 2: T h e E s tim a tio n o f th e I n te r te m p o r a l E la s tic ity o f S u b s titu tio n

In
Step 1, we obtain a consistent estimate of the intra temporal elasticity ,
The second step of our procedure is to apply GMM to the Euler equation for the disturbance is known, but we estimate the MA coefficient in the GMM framework. We do not make the assumption that the MA coefficient is known because the value of the coefficient can deviate from the value that Hall's theory predicts: for example, the planning period of the consumer may be 12 different from the one assumed by Hall.
V. Empirical Results
This section reports the results of the cointegrating regressIons from
Step 1 for intra temporal fIrst order condition and the Step 2 GMM estimation of the Euler equation. Overall, the evidence against co integration is not strong because the H(p,q) tests often overreject according to Han and Ogaki (1991) .
A . A n n u a l D a ta
For all cases, the intratemporal elasticity of substitution, E, is 8We used Ogaki' s (1993c ) GAUSS CCR Package for the CCR estimation. The CCR procedure requires an estimate of the long run covariance of the disturbances in the system. We used Park and Ogaki's (1991) method with Andrews and Monahan's (1992) prewhitened HAC estimator with the QS kernel. A VAR of order one was used for prewhitening.
We followed footnote 4 of Andrews and Monahan and the maximum absolute value of the elements ofñ otation was set to 0.99. Andrews'~(1991) automatic bandwidth estimator, ST' was constructed from fItting AR (1) for the two-good model. We use exactly the same econometric method and data 9We used Hansen-Heaton-Ogaki GAUSS GMM package described in Ogaki (1993bd) that was supported by NSF Grants SES-3512371 and SES-9213930 for the GMM estimation. We iterated on the weighting matrix as described by Kocherlakota (1990) up to four iterations, since his Monte Carlo results indicated that the iteration improves the small sample properties of the GMM estimator.
14 for both the one-good and two-good models, so that we can directly compare the results.
In all cases, Hansen's J test of the overidentifying restrictions does not reject the model at the conventional levels. For both ND and NDS, our point estimates of 0-are positive and significantly different from zero at the five percent level for the two-good model. In contrast, the one-good model yields smaller point estimates of (j for both ND and NDS with similar standard errors. It should be noted that the separability assumption (0-=£)
is rejected in the two-good model for both ND and NDS. In all cases, the intratemporal e:lasticity of substitution, E, is estimated with the theoretically correclt positive sign and is significantly different from zero. The intertemporal elasticity of substitution, a , is also estimated to be significantly greater than one at the five percent level, so that the Cobb-Douglas utility function is rejected.
B . Q u a r te r ly D a ta
For NDS and NIPA durables, none of the H(p,q) test statistics IS significant at the twenty percent level over either sample period. In addition, the point estimates of E are similar for both sample periods. The
estimates of E have the theoretically correct positive sign and are significantly different from zero. The intertemporal elasticity of substitution is estimated to be significantly smaller than one, so that the Cobb-Douglas utility function is rejected.
For NDS and Gordon's durables, none of the H(p,q) test statistics reject the model at the conventional levels. In contrast to the previous results, the Cobb-Douglas utility fum;tion is not rejected at the five percent level. In all cases of the two-good model, our point estimates of 0 a~a positive and significantly different from zero at the five percent level.
In contrast, the one-good modd yields negative point estimates of 0 for both ND and NDS. The separability assumption ( 0 = £ ) is rejected in the twogood model for ND except for the case of {3=0.985. For NDS, the separability assumption is rejected at the ten percent level with {3=0.990 and at the five percent level with {3=0.995. However, the assumption cannot be rejected with {3=0.985. Thus, the evidence against separability is mixed for the quarterly data.
VL Conclusions
In this paper, we have argued that Ignonng the intratemporal substitution between nondurables and durables is likely to lead to a downwara bias in an estimate of the IES. When we account for this disturbance term (I 0 1-10)2 when the absolute value of 0 used in the nonlinear search program is greater than ten. This bound was sometimes reached in earlier iterations for the weighting matrix but was never reached in the last iteration.
intratemporal substitution, our empirical results are very different from those of Hall, who concludes that "thl~elasticity is unlikely to be much above 0.1 and may well be zero". The IES is estimated to be positive and significant, and the point estimates of the IES under the nonseparability assumption range from 0.414 to 1.156 . In contrast, the point estimates of the IES based on our one-good model under the separability assumption are sometimes negative and are always smaller than the corresponding point estimates under the nonseparability assumption.
We found strong empirical evidence against separability of preferences between ND and c:.:rable goods. We found evidence against separability between NDS and durable goods in the annual data, though evidence for the quarterly data was mixed.
In particular, our empirical results indicate that the intratemporal elasticity between ND and durable goods is much higher than the intertemporal elasticity of substitution. This finding, together with the fact that part of dura.ble good purchases are theoretically one type of saving, suggests that some of the puzzling behavior we observe with regard to saving may be explained by the addition of the intratemporal substitution between nondurable and durable consumption goods to standard models of saving. 
